ABSTRACT Research exploring the status of serum vitamin D levels in the populations of countries bordering the Arabian Gulf shows a high prevalence of vitamin D deficiency/insufficiency. These reports were usually drawn from small samples unlikely to be representative of the population. We explored serum vitamin D level in a large sample (7924) of patients who were given a blood test to check their vitamin D status on their first consultation at a day surgery hospital in Dubai. The overall mean level of 25(OH) D was ~ 20 ng/mL Deficiency was found among all age groups, in both sexes and in both local and non-local populations: overall 85.4% were vitamin D deficient, 12.5% showed insufficient serum vitamin D level, and only 2.1% had an appropriate level. In the multivariate model, serum vitamin D concentrations were positively correlated with male sex, local population and the 17−31 years age group. 
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Introduction
The role of vitamin D (25(OH) D) in maintaining optimal health has been well documented and deficiency has been linked to a spectrum of conditions such as autoimmune disorders, cancer, osteoporosis, cardiovascular disease and obesity (1) . Epidemic low levels are reported from around the globe, regardless of sex and age (2−4). Besides a suboptimal consumption of foods containing vitamin D such as fish and fortified milk, limited sun exposure is considered the major cause of vitamin D deficiency (4) . Populations at risk are mainly those having minimal outdoor activities such as indoor workers and students. Extensive clothing or extensive sunscreen application are also considered major risk factors (2, 5, 6) .
Reports of prevalence of vitamin D insufficiency/deficiency in countries bordering the Persian Gulf are indicative of a serious health issue (7−9) . Vitamin D insufficiency (30−50 ng/ mL) has been reported in up to 80% of Saudi Arabian girls and women (10) and Kuwaiti women (11) , and in up to 90% of the population of Qatar (12) and the female population in the United Arab Emirates (13) . The United Arab Emirates has an average of 10 hours of sunshine per day, which should favour vitamin D synthesis all year round (2, 14) .
Many studies on vitamin D status have been published from universities and research centres in the United Arab Emirates (14−21) . In all those studies, sample size was generally too small for an accurate estimation of the prevalence of vitamin D insufficiency/deficiency in the population.
Population-based data on the status of vitamin D in the United Arab Emirates are lacking. Therefore, the aim of this retrospective study was to generate overall, sex-based, age-based and nationality-based prevalence estimates of vitamin D status among the local population and the residents of Dubai from a very large sample.
Methods

Setting
This cross-sectional retrospective study was conducted at Emirates Hospital, a day surgery hospital in Dubai where almost all surgeries are elective. In addition to surgical specialties, medical expertise such endocrinology, internal medicine, dermatology and cardiology are available. The hospital is located in an urban community and patients' nationalities reflect the wide diversity of the Dubai population.
The study was approved by the ethical committee of the institution.
Sample and data extraction
Data values for 25(OH) D level tested at the first medical consultation were collected retrospectively from the hospital laboratory's information system between February 2012 and January 2014. Blood results at follow-up consultations were excluded. The clinical rationale for the blood test was not retrieved, nor was the specialty of the treating doctor.
Blood testing and measurement
We used serum 25(OH) D level as an indicator of vitamin D status (22) . Blood specimen collection and analysis are done systematically at the hospital and follow rigorous protocols. Blood samples were sent to the laboratory within 30 minutes of drawing, where they underwent standardized (quality controlled) analyses, blood clotting for 30 minutes followed by centrifugation for 20 minutes. Serum 25(OH) D concentrations were measured by immunofluorescence (Liaison XL) with a cut-off level for 25(OH) D of < 30 ng/ mL (1). Vitamin D status was defined as: deficiency 25(OH) D < 30 ng/mL; insufficiency 30-50 ng/mL; and sufficiency > 50 ng/mL.
Outcomes
The overall vitamin D mean value in our sample was set as the first primary outcome. Other primary outcomes were the mean values related to age, nationality and sex. We defined 2 nationality groups: the local group, which comprised patients with United Arab Emirates nationality and the non-local group comprising all other nationalities. We divided our sample into 4 age categories (1-16 years, 17-31 years, 32-46 years and 47-92 years).
We did not include body mass index (BMI) as a variable because weight is not documented in the system.
As a secondary outcome, we searched for any correlation between vitamin D serum levels and each of our 3 predefined variables.
Data analysis
The overall mean values for 25(OH) D for each variable were first computed. Then the Pearson test was used to investigate any correlation. We used simple and multiple linear regression tests to look for possible relationships. Two-tailed P-values were recorded and P-value < 0.05 was considered statistically significant. Statistical operations were done using StatsDirect, version 2.7.8 (Altrincham, United Kingdom).
Results
Demographic characteristics
Vitamin D results were retrieved from a total of 7924 patients attending their first consultation at the hospital (Table  1) . A large proportion of the patients in our sample, 6787 (85.8%), were nonlocal, i. (Table 1) .
Correlation with gender, ancestry and age
Correlation with sex of the patient yielded a significant difference between males and females: males had lower serum vitamin D levels than females (r = 0.028, CI: 0.006−0.050, P = 0.01). Correlation with nationality yielded a highly significant difference between local and non-local populations: the local population showed lower serum vitamin D levels than the non-local (r = 0.11, CI: 0.093−0.136, P = < 0.0001). Correlation with age also yielded highly significant differences in relation to age group (r = 0.08, CI: 0.057−0.101, P < 0.0001). The mean level of serum vitamin D in our youngest age group, where the majority were above the age of 8 years, was 22.3 ng/mL A multiple regression test including all 3 variables yielded r 2 = 2% (r = 0.14, P < 0.0001). Age group of 17-31, males and locals yielded positive correlation in the model. A summary of the regression analysis results are given in Table 2 .
Discussion
Summary and interpretation of main results
To our knowledge, it is the first study carried out in the United Arab Emirates with such a large size sample. The majority of the population in this study were vitamin D deficient (overall mean ≈ 20 ng/mL), and this was seen in all age groups and in both sexes. Our results showed that vitamin D deficiency was significantly associated with the 17−31 years age group, males and Emirati nationality. None of the variables was found to be a confounder; the coefficient associated with each variable in simple linear regression tests did not change significantly from that found in the multiple linear regression tests for each variable. The number of females in our study sample was significantly higher than males (70% female, 30% male); we found that deficiency was associated with male sex, emphasizing the epidemic aspect of the deficiency. In this part of the world where osteoporosis and vitamin D deficiency are mostly investigated among women, this study should encourage physicians to consider this issue as highly prevalent in men, and our findings provide a rationale for mass screening among the male population as well as females.
Although we found a significant correlation between each of those variable and mean 25(OH) D level, the multiple linear regression test yielded an r 2 of only 2%, meaning that only 2% of the variations in 25(OH) D values is explained by this model. This result is in accordance with current knowledge, i.e. that the most important variable for an appropriate vitamin D blood level is sun exposure (20) .
It is hoped the results of this study will encourage decision-makers to tackle this treatable medical condition, and efforts should be coordinated at the highest national level. While sun exposure is the main source of vitamin D, countermeasures for preventing deficiency and maintaining an appropriate serum level among residents should be within reach in this sunny country.
Limitations
A possible limitation in this study is the lack of information regarding the clinical presentation of the patients. However, the correlation between the clinical presentation and serum 25(OH) D level was not within the scope of the study. In fact, our findings indicate that for whatever clinical reason, a great majority of patients who seek medical advice for the first time are 25(OH) D deficient; the upper quartile of the overall mean value was 25.2. Moreover, it is very likely that a number of these patients were examined and treated some time in their life in other health care facilities. Therefore, the mean values generated in our study could be even lower if data on such patients were not included. This fact should alert health care professionals of the seriousness of issues such as non-compliance or lack of awareness of the role of vitamin D in maintaining optimal health by patients in this region of the world.
Since a statistical estimate drawn from a larger sample will reflect more accurately the true estimate in a population, the difference between sex-based prevalence values found in this study could be biased since the number of females in the sample was double the number of males. However, the results indicate that vitamin D deficiency among males is at least as prevalent as in females.
Due to its predefined limited scope, this study did not check for other potential risk factors such as diet and sun exposure. We could not verify the nationalities of the non-local population to look for any differences within that group. Additionally, the study was conducted in a private hospital in Dubai where mostly insured patients access the medical care. On the other hand, due to the settings of our institution, our relatively young patients, 82% under 46 years, very seldom have severely impaired health conditions such as chronic renal or liver failure, which could result in decreased conversion to the active form of vitamin D (24). Checking for vitamin D level is very commonly requested by both patients and doctors in our hospital. Furthermore, it is difficult to distinguish between healthy people and patients in regard to this condition; as mentioned above, previous studies have reported frequencies of up to 90% vitamin D deficiency/insufficiency in "healthy" subjects (12, 13) .
Nevertheless, although our results may not be generalizable to the whole population of the United Arab Emirates, the large sample size should reduce the impact of this limitation to a minimum. Funding: None. Competing interests: None declared 
